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Lubricant Compositions 
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15 



•me^ invention relates to lubricant compositions for use in gas compressors espe- 
cially sliding-vane rotary compressors. 1 ^spe- 

lt Is n cessary to compress air and hydrocarbon gases either for direct use or for 
transport etther in tanks or through pipelines in rrcKy applications ££ hydroLl?- 

ShSS^J^ COm <> ressed ^ **> landfill gas biogas, digest ga^S 
wellhead gas. Hie compressors used in such applications, in having movino Dar ts 
reqmre lubncation to reduce friction and wear and to pro^Ts^Snl^' 
sealing effect. Many of the gases, depending upon their sources, contain S£n t 
IT^lfJJ™^ ?? to aggressive environment iS SfchE 

cer^ressors have to work. For example, hydrocarbon gases frequently contemn uo 
to 20% of hydrogen sulphide and/or up to 50% carbon dioxide. rrequenDy contain up 

Compressors used to compress gases include screw, reciprocating, scroll and slid- 
mg-vane rotary compressors. Lubricants used to lubricate such compressor! fndude 
mmerei o.ls. white oil. poly a olefins (PAOs) and polyalkytenegtvro^s^AGs) Al- 

20 reciprocabng compressors, their use in scroll and sliding vane rotary compressors 
have not been successful. This is probably due to theWgher 

TOiatV Com P f ^ 50re h wnfc^gh toads 
ff.K^ rie C Ced ? ? e of 016 vanes and specially along the sides of the vanes 

25 1mn^JTS ) ^ tein ^f ,r9Uides,ots ' These problems an! exacerbated bj actofc 
25 impurities in hydrocarbon gases causing corrosion. 

il1 e S eC L° f 6mn ^ VA P e rotar * compressors, the lubricant has been typically a min- 
eral oil However, owing to dilution of the lubricant by the gas being^ompViSeT 
3t > T^Lf* ' n * e flM, \? gases, the effectiveness 9 ™ 

h^TT^J? l3 , re f l ? Ve,y short - e "9- 2000 houm. An alternative toEcant 
that has been used, but only with certain hydrocarbons, is a poly a olefin lubricant 

useTsK PrOV,<te 8 ,UbriCant 

r^ry^e!^ * for - j " * 

a) a polyalkyleneglycol base ofl component, said polyalkyleneglycol oomprisino 
a random copolymer of ethylene oxide (EO) andpropyfene oxide PO) hSSn 
an EO:PO ratio between 3:1 and 1:3 and having been Initiated wtth S- 
pound having five carbon atoms or less; wnn a 

45 b) S£ % to 10% taSed ° n tofal Wel9ht of *" ""V*"™ of an antiwear addi- 

c) 0.05% to 5% based on total weight the composition of an antioxidant; 

sn d) 0% to 1% °n total weight the composition of a metal passivator; 

e> and 10 ** b3SBd ° n tt>tal WSight the <»mi»sition of an anticorrosion agent; 

55 ° sto^nt^ ° n t0tal Wef0ht *" ^P 05 " 10 " of a ^P™ P^se arttoono- 



35 



40 
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elude gallates, imidazole, benzimldazole, pyrazole, benzotriazde, tolutriazote, tolu- 
triazote, 2nmethyl benzimtdazole, 3,5-dfmethyl pyrazole and methylene bis- 
benzotriazole. 

5 Preferably, in the absence of other measures, such as material selection, to prevent 
corrosion, the lubricant composition comprises 0.1% to 2%, more especially 0.1% to 
0.5%, based on total weight the composition of an ashless anticorrosfon additive* Ex- 
ample of suitable ashless antrcorrosion additives includes amine napthalene sulfo- 
nates, amine phosphates, aikenyl succinic half ester and organic poycarboxylic acid. 
10 In particular ethylene diamine dinonyinapthalene sulphonate, diethylenetriamine di- 
nonylnapthalene sulphonate andafiphatfc amine salt of phosphoric add monohexyl 
ester 

Preferably, in the absence of other measures, such as material selection, to prevent 
15 corrosion, and particularly for gas applications that contain acidic impurities (sour 
gas) the lubricant composition comprises 0.05% to 2%, more especially 0.1% to 
0.5%, based on total weight the composition of a vapour-phase anticomosion addi- 
tive. Although parts of the compressor are submerged under the lubricant composi- 
tion, there are parts of the compressor and associated pipe-work etc that are ex- 
20 posed to the gases and any aggressive impurities they cany. Vapour-phase anticor- 
rosion agents are volatilised from the lubricant composition at the operating tem- 
peratures of the compressor and coat other exposed surfaces to protect them 'from 
attack. Examples of suitable vapour-phase anti corrosion agents include silicones, 
siloxanes, silanes, silicates and volatile amines. In particular, Si-containing oom- 
25 pounds include decamethycyclopentasiloxane, dimethylsiloxane pentamer, trimethyl- 
silyl (2,&<li(trimethylsiloxy)pheny0 methanoate, triethoxy (3,3.4,4,5,5,6,6,7,7,8,8,8- 
tridecafluomoctyl) silane and tetraethyl silicate; and volatile amines include primary 
amines, tripropylamine and ethyl-di-2-ethyIhexylamine. 

30 Lubricant compositions according to the invention may also comprise one or more 
other lubricant additives of known functionality at levels between 0.0001 and 20 % v 
more preferably between 0.01 and 10% more especially between 0.01 and 5%, Suit- 
able additives include extreme pressure agents, acid scavengers, foaming agents, 
anti-foaming agents, stabilisers, surfactants, lubricity improvers or otliness agents 

35 and friction modifiers. 

According to another aspect of the invention, the use in a sliding-vane rotary vane 
compressor of a lubricant composition comprising;- 

40 a) a polyalkyteneglycol base oil component, said polyaikyieneglycol comprising 
a random copolymer of ethylene oxide (EO) and propylene oxide (PO) having 
an £O;P0 ratio between 3:1 and 1:3 and having been initiated with a com- 
pound having five carbon atoms or less; 

45 b) 0.01% to 10% based on total weight of the composition of an antiwear addi- 
tive; 

c) 0.05% to 5% based on total weight the composition of an antioxidant; 

50 d) 0% to 1 % based on total weight the composition of a metal passivator; 

e) 0% to 2% based on total weight the composition of an anticorrosfon agent; 
and 
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c) 0. 5% to 2.5% based on total weight the composition of an antioxidant: 
g d) 0.1% to 0.5% based on total weight the composition of a metal passivator; 
e) 0% to 2% based on total weight the composition of an anticorresion additive; 

10 9 ro^n SSaS" - °" We ' 9ht ^ 0OmpOSitiOn * a ^ur-phase antioor- 

Preferred lubricant compositions according to the invention consist essentially of said 
polyalkyleneglycol base oil component and additives. y OT aid 

Lubricant compositions according to the invention provide good lubrication in slidlnn- 
vane roto^ compressors with a variety of gases. In parWculaTthe ^fSXhmSS 
nas a relatively low solubility In the oases but has thu> q wih^ 



20 



25 



30 



. ~_ ; i t ' t w,u ' " Vd " Hi y OI gases, in parocuter. the oolvaikvien«iiw«»i 

has a relatrvety tow solubility in the gasesbut has toe abl ity £ affi wate? lS 
ow gas solubility enures. along with the specified addiX tttffS ITSSlctan? 
lubricant composition present to lubricate the sliding vanea and their tips and to oro- 
v.de a seal at the vane tips between the high and tot pressure sides • of ^acil van£ 

As sliding-vane compressors may have significant down time the ahiiih, n f t,,WA~*~* 
compositions according to the invention io^£^^^S^^^ 

Ir^LfZ^^^ 5 dOWn ? s to any water remaining fL inThe co^! 

pressor means that corrosion of metal components by the water Is minimised^ mL 

I2S.IlIIr I, T i "f* up * * e compressor, as it heats up to operating tern- 

,ubricant — 

nSl'S",?^ 1 a f ant ^ es . in compressor manufacturers on^ n^sto^fLne 
■« S^J*, , uWcant avoW'ng issues of separate storage tanks for multipto arades ot 
35 tentially filling compressors with the wrong lubricant ete. ' P 

The low cost of maintenance of sliding-vane compressor* make them oarticulariv 
useful in gas-boosting applications, particularly for mL>toroir^pS>n? * 

„j pressure. Booster machines have many uses, especially in oil and oas 

™ l ^L a1ed md , UBtri ^ ^P' 68 of 9 as bating are toe feedr^ 5 wSJS 
gas to pipelines or of natural gas to gas turbines. In these latter apolicaaona toe 
45 oTSeSS^ ^l ygas at the flow rate and pre^uS £3S ffSSSht 
?S t ^Sf^?'L of *" ^l 06 ' Even sma " amount of petroleum-based lubricants car- 
ntet ^l«nf e *h 9a ? 2 th6 ^ P roduce ^*onaceous de^oste "toe?as 
hS ^^.^V^'"! ^ 5tnct,n 9 ^ causing ftameout. The tow cany oS? 
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additive consistina of oolvmerised 1,2-dihydro-2,2 4- 
trimetylquinQline 




0.5% 


3,5-dibutyl^ydroxytoluene, an antioxidant. 


0.5% 




Ethanox 702 available from Albemarle, an antioxidant 
additive consistina essentially of 4,4-methylene- 
bis(l,l-dimethyl-ethylHpheno[ 



All % shown in the table are weight % based on the total composition. 



Sample 1 has the properties shown in Table 2. 

5 

Table 2 



Properties 


Test 


Sample 1 


Sample 2 


Viscosity (cSt) at 40°C 


ASTM D-445 


83.3 


82-64 


Viscosity (cSt) at 100°C 


ASTMD-445 


16.0 




Viscosity Index 


ASTM D-2270 


206 




Pour Point ( a C) 


ASTM 0-97 


-36 




Flash Point C)C (°C) 


ASTM D-92 


261 




Acid Value (mgKOH/g) 


ASTM D-974 


0.33 




Copper Corrosion 


ASTM D- 130/94 


Pass - 
1A 




Steel Corrosion 


ASTM D-665A 


Pass - 
No cor- 
rosion 




4 Ball Wear Scar (mm) 


ASTM D-2783 


0.73 





Example 2 

10 

The effect of a hydrocarbon, eg heptane, on thB viscosity of Sample 1 and of com- 
parative samples, namely Sample 3 - a commercially available mineral oil formula- 
tion used in sBding-vane rotary compressors - and Sample 4 - a commercially avail- 
able phthalate ester formulation used In sliding-vane rotary compressors - was 
15 tested. The test was done by first measuring the viscosity of the neat samples. Than 
the viscosity of the samples following exposure to heptane was measured. The 
samples were exposed to heptane by pouring 40mls of the sample into a measuring 
cylinder and adding 4mls, ie 10%, of heptane Into the cylinder. The sample and the 
heptane were stirred together for 5 minutes and then left to separate for one hour. 
20 The heptane layer that separated from the sample was then removed and the vis- 
cosity of the sample determined. The test was repeated with fresh quantities of the 
samples and added amounts of heptane at levels of 8mls f ie 20%, 12mls, ie 30%, 
and 16mls, La. 40%. 

25 The viscosity of each of the tested samples was measured using the ASTM D445 
method at 40°C. 

The results are shown in Table 3 and are shown in graphical form in Figure 2. As 
can be seen, the viscosity of Sample 1 remains significantly higher at high hydrocar- 
30 bon loading as compared to the viscosity of the commercially-available Samples 3 
and 4 and, consequently, the lubricity effect of Sample 1 will be higher than that of 
Samples 3 and 4 under those high loading conditions. 

Table 3 

35 



[0002753 26-Mar-OV §||||§ 



IU ykJlbi3814444 p. 12/16 



Applicant's Reference UQI S0953 



W&SnSZ*^" ^ Were tested for Wnematte viscosity @ 40 'C and 
iSlo fl (Neulra,,Sat '? n * nd W» then compared to theini/a&measuld 

values of those parameters for evaluation of the performance of the SSnt Srn^- 
stttons. The acid vahie measurement was a combination of acid iSSS^WhC 

the feet that low molecular weight acid from the decomposition of the lubriLnt~J£ 
positrons were volatilised from the Samples 1 and 4. cant corTV 



1 0 The results are shown in 



Table 5 



Lubricant 
! Viscosity at 40°C 
IncSt 


Sample 1 
79.3 


Sample 4 
100.8 


%Change in viscos- 
ity at end of test 


r 0.9 


4.2 


initial Acid Value in 
mgKOH/g 


0.32 


0.09 


Change in Add 
Value In mgKOH/g 


0.02 


0.49 



ffmpte e 4 1 ^ a mUCh l0Wer Chan9e rn visooBit y and ■* value as compared to 
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c) 0.05% to 5% based on total weight the composition of an antioxidant; 

d) 0% to 1% based on total weight the composition of a metal passivator; 

5 e) 0% to 2% based on total weight the composition of an anticorrosion 

ag nt; and 



10 



25 



35 



f) 0% to 2% based on total weight the composition of a vapour phase 
anticorrosion agent. 

A sliding-vane rotary compressor charged with a lubricant composition com- 
prising:* 



a) a polyalkyleneglycol base oil component said polyaikyleneglycol 
1 5 comprising a random copolymer of ethylene oxide (EO) and propylene 

oxide (PO) having an EO:PO ratio between 3:1 and 1:3 and having 
been initiated with a compound having five carbon atoms or less; 

b) 0.01% to 10% based on total weight of the composition of an antiwear 
20 additive; 

c) 0.05% to 5% based on total weight the composition of an antioxidant; 

d) 0% to 1% based on total weight the composition of a metal passfvator; 



e) 0% to 2% based on total weight the composition of an anticorrosion 
agent; and 



f) 0% to 2% based on total weight the composition of a vapour phase 
30 anticorrosion agent 



5. A lubricant composition for use in a sliding-vane rotary vane compressor 
comprising 



a) a polyalkyleneglycol base oil component, said polyalkybneglycol 
comprising a random copolymer of ethylene oxide (EO) and propylene 
oxide (PO) having an EO:PO ratio between 1.5:1 and 1:1,5 and hav- 
ing been initiated by methanol or butanof and having a kinematic vfe- 

40 cosity of at least 12 cSt at 100°C; 

b) 0.01% to 10% based on total weight of the composition of an antiwear 
additive; 

45 c) 0-05% to 5% based on total weight the composition of an antioxidant; 

d) 0.1% to 1% based on total weight the composition of a meted passi- 
vaton 

50 e) 0% to 2% based on total weight the composition of an anticorrosion 

agent; and 

f) 0% to 2% based on total weight the composition of a vapour phase 
anticorrosion agent 



[0002733 26-Ha r- 01; OA; ifrF] 



iu ^mtx*5014444 P. 16/16 

Applicants Reference UQI 50953 

2/2 
Figure 3 



m 0.14 




Number of times panel dipped in Heptane 



Sampte i Sampto* 

-b +- 
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